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RBC senescenceMaturation and aging of erythroid cells are accompanied by extensive remodeling of the membrane and a
marked decrease in cell size, processes that are mediated by externalization and shedding of phosphati-
dylserine (PS). In the present study, we investigated the redistribution of PS in the plasma membrane of
erythroid precursors during their maturation and of mature RBCs during senescence, and the involvement of
changes in calcium (Ca)-ﬂux in these processes. Maturation was studied by analyzing normal human bone
marrow cells as well as cultured human normal erythroid precursors induced by erythropoietin and murine
erythroleukemia cells induced by hexamethylene-bisacetamide. Senescence was studied in normal human
peripheral RBCs following density fractionation. PS and Ca were determined by ﬂow cytometry using
annexin-V and Flu-3, respectively. The outer, inner and shed PS were quantiﬁed by a novel two-step binding
inhibitory assay. The results indicate a bi-phasic modulation of intracellular Ca and PS externalization/
shedding; both of which decreased during maturation and increased during aging. The role of intracellular Ca
in PS externalization/shedding was demonstrated by modulating intracellular Ca: Ca was decreased by
incubating the cells with an ion chelator (EDTA) or with decreasing concentrations of Ca, whereas treatment
with the ionophore A23187 elevated intracellular Ca. The results showed that low Ca resulted in decreased
outer and shed PS, whereas high Ca had the opposite effect. The results suggest that PS externalization and
shedding are mediated by increased cellular Ca-ﬂux, and that they play an important role in erythroid
maturation and RBC senescence.e bisacetamide; HNE, human
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The plasmamembrane is a complex mixture of lipids and proteins.
Phospholipids spontaneously arrange themselves in a lipid bilayer,
moving rapidly in the plane as well as across the bilayer in a dynamic,
but highly organized fashion [1]. Their distribution across the bilayer
is asymmetrical: amino phospholipids (phosphatidylserine [PS] and
phosphatidylethanolamine) are predominantly present on the inside,
with choline-containing phospholipids (phosphatidylcholine and
sphingomyelin) — on the outside [2]. In red blood cells (RBCs),
alterations in the lipid distribution lead to apoptosis during their
production (erythropoiesis) or removal from the circulation following
senescence [3].
Maturation of RBC precursors in the bone marrow involves
changes in their structure, such as a gradual decrease in size andloss of cellular organelles. The decrease in size is associated with loss
of the cell water [4] and a decrease in the membrane surface area. The
latter process has been proposed to be due to internalization of the
plasma membrane as sealed endocytic vacuoles [5] [6] and to
shedding (exocytosis) as PS-containing vesicles [7].
Senescence of RBCs in the circulation leads to their removal by
macrophages of the reticuloendothelial system. Although several
mechanisms have been proposed to explain the recognition and
removal of senescent RBCs [8], there is no consensus regarding their
contribution under physiological and pathological conditions. One
possible signal is external PS, which binds to a speciﬁc receptor on
phagocytic cells [8].
PS externalization [3,9] and shedding [10] by RBCs have been
shown to be mediated by changes in their oxidative status and Ca
content. In the present study, we investigated the processes involved
in PS externalization and shedding during erythroid maturation and
RBC senescence and the effect of changes in Ca-ﬂux. By analyzing
human bone marrow cells and cultured human and murine
developing erythroid precursors, we found that the Ca content and
PS externalization and shedding were diminished during erythroid
maturation. Analysis of human peripheral blood RBCs following age-
dependent fractionation indicated that Ca content and PS
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role of changes in intracellular Ca in PS externalization/shedding was
demonstrated by modulating cellular Ca; Ca was decreased by
incubating the cells with an ion chelator (EDTA) or with decreasing
concentrations of Ca, and increased by treatment with the ionophore
A23187. The results show that low intracellular Ca results in
decreased outer and shed PS, whereas high Ca has the opposite effect.
Taken together, our ﬁndings suggest that the redistribution of PS in
the membrane plays an important role in erythroid maturation and
RBC senescence and that changes in cellular Ca-ﬂux are involved.
2. Materials and methods
2.1. RBCs
Peripheral blood samples were obtained from normal donors.
Bone marrow cells were obtained from lymphoma patients in
remission. The patients' samples were taken for clinical follow-up,
and were used for this research after all the clinical tests were
completed and remission was conﬁrmed. In all cases, informed
consent was obtained according to the Helsinki Committee Regula-
tions (permit no. 20–30/03/01, Israel).
2.2. RBC fractionation
Age-dependent fractionation of RBCs was performed by centrifu-
gation of concentrated RBCs (80% hematocrit) at 1000×g for 15 min,
as previously described [11]. The top, intermediate and bottom 10%
fractions were then harvested. Senescence was determined by the
Calcein assay, as previously described [12]. Brieﬂy, RBCs were loaded
by 15 min incubation with 0.5 μM calcein acetoxymethyl ester.
Following washing, intracellular calcein ﬂuorescence was measured
by ﬂow cytometry.
2.3. Human normal erythroid (HNE) cells
Primary cultures of human normal erythroid (HNE) cells were
established, as previously described [13]. Brieﬂy, peripheral blood
mononuclear cells were cultured in the presence of a conditioned
medium derived from the human bladder carcinoma 5637 cell line.
After a 1-week incubation, the non-adherent cells were harvested,
washed and cultured in the presence of 1 U/ml erythropoietin.
Erythroid cells proliferated and differentiated during 12 days into
nucleated hemoglobin-containing orthochromatic normoblasts. The
kinetics of erythroid cell maturation in this system has been
previously described in detail [13].
2.4. Murine erythroleukemia (MEL) cells
The MEL cell line was maintained by subculturing twice weekly at
~5×104 cells/ml in alpha-minimal essential medium supplemented
with 10% fetal bovine serum (both from Biological Industries, Beit-
HaEmek, Israel). The cells were incubated at 37 °C in a humidiﬁed
atmosphere of 5% CO2 in air. Differentiation was induced by adding
4 mM hexamethylene bisacetamide (HMBA) (Sigma-Aldrich, Reho-
vot, Israel) for 96 h. Hemoglobin-containing cells ﬁrst appeared on
day 2 and on day 4 consisted of N90% of the culture, as determined by
staining with benzidine [14].
2.5. Measurements of inner, outer and shed PS
Externalization of PS on bone marrow cells was determined by
direct ﬂow cytometry of cells washed with Ca-binding buffer and
stained with ﬂuorescein isothiocyanate-conjugated human recombi-
nant Annexin-V (IQ Products, Groningen, the Netherlands) [15].For quantitative determination of the inner, outer, and shed PS, at
1×107 cells/ml at 37 °C. MEL and HNE cells were incubated for 24 h
in fresh growth medium supplemented with HMBA or erythropoi-
etin, respectively. RBC were washed with phosphate-buffered-saline
(PBS) containing, unless otherwise stated, 1 mM CaCl2 (Ca-PBS) and
incubated for 1 h. Following centrifugation at 200×g for 5 min, the
cells were immediately analyzed and the supernatants were
centrifuged again at 1700×g and kept at −80 °C until analyzed. PS
was measured by the indirect, two-step, ﬂuorescence inhibition
assay [16]. The outer PS of intact cells, total cellular PS (of lysed cells)
or shed PS (in cell supernatants) were ﬁrst bound to ﬂuorescent
Annexin-V (Step I), and then the residual, non-bound, Annexin-V
was quantiﬁed by binding to PS exposed on apoptotic HL-60 cells that
served as an indicator reagent (Step II). The indicator cell ﬂuores-
cence in step II was reciprocally proportional to the amount of PS in
Step I [16]. The results were normalized according to the total protein
of each sample.
2.6. Measurement of intracellular calcium
Intracellular Ca2+ measurements were performed as previously
described [17]. Brieﬂy, cells were loaded with Fluo-3/AM (Calbio-
chem, San Diego, CA) by the addition of 4 μl of a stock solution
(2.0 mM in DMSO) to a 1 ml RBC suspension (0.16% packed cell in PBS
supplemented with 10 mM d-glucose) and incubated at 37 °C for
30 min under protection from light. The cells were then centrifuged at
1000×g for 5 min at 22 °C, washed twice with PBS containing 0.5%
bovine serum albumin (Sigma) and once with PBS, and their
intracellular Fluo-3 ﬂuorescence measured by ﬂow cytometry.
2.7. Flow cytometry
The cells were analyzed by a ﬂuorescence-activated cell sorter
(FACScalibur, Becton Dickinson, Immunoﬂuorometry systems, Moun-
tain View, CA). The cells were passed at a rate of 1000/s, saline serving
as the sheath ﬂuid. A 488 nm argon laser beam was used for
excitation. In each assay, unstained cells served as control. The
threshold was set on forward light scatter to exclude debris and
platelets from analysis. The arithmetic mean ﬂuorescence index (MFI)
was calculated using FACS-equipped CellQuest® software.
2.8. Statistical analysis
All the data were expressed as the mean±SD from at least 3
independent experiments and were further subjected to the two-
tailed Student's t-test. A P-value b0.05 was considered statistically
signiﬁcant.
3. Results
3.1. PS externalization and shedding during erythroid maturation
To study PS rearrangement during erythroid maturation, bone
marrow cells were simultaneously stained for glycophorin A (GPA),
CD45 and Annexin V. The expression of CD45 and GPA differentiates
between erythroid cells and other bone marrow subpopulations
(blasts, granulocytes, monocytes and lymphocytes) and between
erythroid cells at different maturation stages [18,19]. Fig. 1A shows a
dot-plot of bone marrow cells with respect to CD45 expression and
side light scatter. The CD45low population (gate R) is composed of
erythroid cells, as indicated by their positive staining for GPA (Fig. 1B).
The erythroid population was divided into 12 gates (R1–R12), based
on their CD45 expression (Fig. 1C). Cells in R1, with the highest CD45
expression, are the most immature precursors, whereas cells in R12,
with the lowest CD45 expression, are the most mature precursors, as
well as mature RBCs [20]. The Annexin-MFI of cells in each gate is
Fig. 1. PS externalization during erythroid maturation. Normal human bone marrow cells were simultaneously stained for glycophorin A (GPA), CD45 and Annexin V. Erythroid cells
were gated based on their side scatter and low CD45 expression (A). The erythroid identity of the gated cells was ascertained by their high GPA expression (B). The gated cells were
subdivided into 12 gates based on their CD45 expression (C). The Annexin-V MFI of cells in each gate was plotted (D). The results (Mean±SD, N=5) show a direct relationship
between CD45 expression, i.e., maturation (indicated by arrow) and Annexin-positivity, suggesting that PS exposure is decreased during maturation.
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show a direct relationship between CD45 expression and Annexin-
positivity, indicating that as cells mature (CD45 expression decreases)
Annexin expression (i.e., PS exposure) is reduced as well.
To further study this point, exposed and shed PS were followed at
various stages of in vitro maturation of human normal erythroid
(HNE) cells (Fig. 2A,B) and murine erythroleukemia (MEL) cells
(Fig. 2C,D). HNE cells were analyzed on different days after
stimulation with erythropoietin (2 U/ml) and MEL cells after 4 days
incubation in the presence or absence of HMBA (4 mM). To measure
shedding, the cells were harvested, washed and resuspended at
2×106/ml freshmedium in the presence of erythropoietin (NHE cells)
or in the presence or absence of HMBA (MEL cells), for 24 h. The
cellular and shed PS were analyzed by an indirect ﬂuorescence
inhibition assay [16], as described in Materials and methods. To
exclude the inﬂuence of cell size, the results were calculated per
protein content in each aliquot. The results show a decrease in outer
and inner PS during maturation in both cell systems, followed by
decreased PS shedding of 43 and 25% in HNE and MEL cells,
respectively (N=5, Pb0.05).
3.2. PS externalization and shedding during RBC aging
Peripheral blood samples of normal donors were fractionated by
centrifugation into young, intermediate and senescent RBCs, as
previously described [11]. The separation was conﬁrmed by the
calcein assay [12], which showed 12 and 32% lower ﬂuorescence in
RBCs from the intermediate and bottom fractions, respectively,
compared with the RBCs from the upper fraction. About 1×107 cells
from each fraction were incubated in Ca-PBS for 1 h and their inner,
outer and shed PS were measured. The amounts of inner, outer and
shed PS of intermediate RBCs were similar to those of unseparated
RBCs (not shown). Senescent RBCs had lower inner PS, but higherouter and shed PS compared with intermediate RBCs; the opposite
results were obtained with young RBCs (Fig. 2E,F).
3.3. The involvement of Ca-ﬂux in PS externalization and shedding
during maturation and aging
Previous reports related PS externalization to changes in Ca-ﬂux
[21,22]. We, therefore, investigated changes in intracellular Ca during
erythroid maturation and RBC aging. Intracellular Ca was determined
by ﬂow cytometry measurement of the ﬂuorescence of Fluo-3 loaded
cells [17]. Analysis of human bone marrow cells showed a direct
relationship between Fluo-3 ﬂuorescence and CD45 expression on
erythroid cells (Fig. 3A). Since CD45 expression is reversely
proportional to erythroid cell maturation (indicated by arrow),
these results indicate a decrease in intracellular Ca during maturation.
This was further demonstrated in HNE and MEL cells undergoing
maturation in vitro. When assayed on different days after the addition
of erythropoietin, NHE cells demonstrated a time- (i.e., maturation-)
dependent decrease in Fluo-3 ﬂuorescence, indicating a decrease in
intracellular Ca during maturation (Fig. 3B). As positive control, day-
10 HNE cells were treated with the Ca-ionophore A23187 (2 μM),
which increases intracellular Ca concentration [17]. The results
indicated a 2.2-fold increase in Fluo-3 ﬂuorescence (Pb0.05; N=5).
MEL cells assayed on day 4 after induction by HMBA showed a 2.5-fold
lower Fluo-3 ﬂuorescence compared with that of noninduced MEL
cells (Fig. 3C) (Pb0.05; N=5). Treatment with A23187 caused a 1.5
and 3.3-fold increase in Fluo-3 ﬂuorescence of noninduced and
induced MEL, respectively.
RBC aging, studied by density fractionation, was associated with
increased Fluo-3 ﬂuorescence: it was 20% higher in senescent RBCs
than in young RBCs (Fig. 3D). In these experiments, treatment with
A23187 increased the Fluo-3 ﬂuorescence of senescent cells by 2.3-
fold (Pb0.05; N=5) as compared with their untreated counterparts.
Fig. 2. PS externalization and shedding during maturation and aging. Human normal erythroid (HNE) (A, B) cells were cultured for the indicated days in the presence of
erythropoietin (2 U/ml). Murine erythroleukemia (MEL) cells (C, D) were cultured for 4 days in the absence (Control) or presence of HMBA (4 mM). Human normal peripheral blood
RBCs were fractionated by centrifugation into young, intermediate and senescent RBCs (E, F). The outer, inner and PS (A,C,E) as well as the shed PS (B,D,F) were determined by an
indirect ﬂuorescence inhibition assay, as described in Materials and methods. The results are expressed as PS content (nmole) per mg protein of the sample (mean±S.D. N=5).
2776 I. Freikman, E. Fibach / Biochimica et Biophysica Acta 1808 (2011) 2773–2780Theseﬁndings indicate a bi-phasicmodulationof intracellular Ca: it
is decreased duringmaturation but increased during aging, suggesting
an association with PS externalization and shedding. To further clarify
the involvement of Ca, we analyzed the effects of Ca depletion. In the
experiments presented in Fig. 4, MEL cells grown in the presence of
HMBA for 48 h were transferred to fresh growth medium containing
different concentrations of the Ca-chelator EDTA for 24 h and their
total, outer and shed PS determined. The results showed that the
addition of EDTA (i.e., decreasing intracellular Ca) caused a dose-
dependent decrease in both outer and shed PS (Fig. 4A,B), which was
associated with an increase in total cellular PS (Fig. 4C). Maturation of
MEL cells was associated with a decrease in size (by 1.8-fold as
reﬂected by the decrease in the forward light scatter, data not shown);
treatment with EDTA resulted in a dose-dependent inhibition of the
decrease in size (Fig. 4D), in correlation with Ca-dependent PS
shedding (Fig. 4C).
In the experiments presented in Fig. 5, cells were incubated for 1 h
in PBS in the presence of decreasing concentrations of Ca (2 to 0 mM).
The results showed that in HNE (phase II, day 10) Ca depletion
resulted in a signiﬁcant decrease in the outer and shed PS (Fig. 5A,B)
and an increase in the total PS (Fig. 5C) compared with the
physiological concentration of Ca (~2 mM). Similar results were
obtained in HMBA-induced MEL (Fig. 5D–F) and in senescent RBCs
(Fig. 5H–G).4. Discussion
In the present study we investigated the processes of PS
externalization and shedding during erythroid maturation and RBC
senescence and the involvement of changes in the Ca-ﬂux. PS and Ca
were measured by ﬂow cytometry [17]. The maturation process was
studied by analyzing human bone marrow cells, as well as cultured
human and murine developing erythroid precursors. The cultured
human erythroid precursors were stimulated by the physiological
inducer erythropoietin to proliferate and mature into hemoglobin-
containing nucleated orthochromatophilic normoblasts. This system
provides a reliable in vitro model that recapitulates many aspects of
erythroidmaturation [13]. Themurine cells were induced to erythroid
maturation by HMBA [14][23]. Senescence was studied by analyzing
human peripheral blood RBCs following centrifugal fractionation. The
age-related fractionation was based on the increased density of
senescent RBCs compared with that of their young counterparts [11].
The results indicated a bi-phasic modulation of intracellular Ca and PS
externalization/shedding: both were decreased during maturation
but increased during aging, suggesting an association between the
intracellular Ca content and PS externalization/shedding. This was
demonstrated by measuring externalization/shedding following
modulation of the cellular Ca content. Decreasing the Ca content by
incubating the cells with an ion chelator (EDTA) or with decreasing
Fig. 3. Changes in intracellular Ca content during maturation and aging. (A) Bone marrow erythroid precursors were stained simultaneously for CD45 and Fluo-3. Erythroid cells
were gated and sub-divided into 20 gates based on their CD45 expression. The Fluo-3MFI of each gate was plotted. (B) HNE cells were cultured in Phase II with erythropoietin; on the
indicted days aliquots were harvested. (C) MEL cells were cultured with or without 4 mM HMBA for 4 days. (D) Peripheral blood RBCs were fractionated according to density into
young, intermediate and senescent cells. Cells in B–Dwere treated for 20 min with the Ca-ionophore A23187 (2 μM). Intracellular Ca was determined by staining the cells with Fluo-
3. The results show the mean Fluo-3 MFI±S.D., N=5.
Fig. 4. The effect of Ca depletion on PS externalization and shedding of MEL cells. MEL
cells were induced by 4 mM HMBA. After 48 h, the cells were transferred for 24 h to
fresh HMBA-containing growth medium in the presence of the indicated concentra-
tions of EDTA, and their outer PS (A), shed PS (B) and total PS (C), as well as cell size,
were determined. The results show the mean PS±S.D., N=5) (A–C) as well as the
arithmetic MFI of the forward scatter (D).
2777I. Freikman, E. Fibach / Biochimica et Biophysica Acta 1808 (2011) 2773–2780concentrations of Ca lowered the outer and shed PS, whereas
increasing Ca by treatment with the ionophore A23187 had the
opposite effect.
The association between changes in Ca-ﬂux and PS externalization
was previously studied in mature RBCs [24,25]. We have previously
shown the inter-relationship between oxidative stress, Ca-ﬂux,
externalization and shedding of PS and changes in the cholesterol/
phospholipid ratio in the membrane [10]. The results of the present
report suggest that these processes play a role in erythroidmaturation
in the bone marrow (from proerythroblasts to orthochromatic
normoblasts) and in the circulation (from reticulocytes to mature
RBCs), as well as during senescence of mature RBCs in the circulation.
The sequence of events leading to PS externalization/shedding
during erythroidmaturation can be only speculated.We suggest that, as
in mature RBC, it involves changes in the oxidative status, in the
intracellular Ca, in the activity of the aminophospholipid translocase, PS
externalization and subsequently— PS shedding. Data obtained in other
cells, including mature RBCs, indicate a tight relationship between
oxidative stress and increased Ca concentration [26]. The latter inhibits
the activity of translocase, the enzyme which together with the
scramblase maintain the dynamic equilibrium of PS across the
membrane. As a result the equilibrium leans toward externalization
[27]. External PS serves as a marker for elimination of aging/damaged
RBCs from the circulation by RES macrophages [27]. Increased PS
externalization and shedding were noted in oxidatively stress patho-
logical RBCs, such as in thalassemia [10,28,29], leading to their
shortened survival causing chronic anemia. In preliminary experiments,
Fig. 5. The effect of Ca depletion on PS externalization and shedding during maturation and aging. Differentiated HNE (10 day treatment with erythropoietin) and MEL (96 h
treatment with HMBA), as well as senescent RBCs (separated by density fractionation), were incubated for 1 h in PBS containing decreasing concentrations of Ca, and the outer (A, D,
G), shed (B, E, I) and total (C, F, J) PS were determined. The results are expressed as PS content (nmole) per mg protein (mean±S.D., N=5).
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oxidative status duringmaturation. Thismay reduce the intracellular Ca
concentrations, and consequently, PS externalization/shedding. Anoth-
er mechanism affecting PS externalization/shedding is the changes in
the microtubule polymerization state of maturing erythroid precursors
treated with cochicine and Taxol (manuscript in preparation). During
senescence of RBCs the sequence of events leading to PS externalization
and shedding includes increased in oxidative stress and intracellular Ca,
and inhibition of the translocase [30].
The results of the present study may raise a few speculations
regarding the role of PS externalization and shedding in maturation
and senescence of erythroid cells:
(A) Size reduction— it characterizes both erythroidmaturation and
RBC senescence. During maturation erythroid precursors undergo a
gradual and continuous reduction in size [31,32]. This is an important
functional adaptation; it generates a high surface to volume ratio that
promotes gas exchange during passage of mature RBCs through smallcapillaries. In the circulation it serves mainly to rejuvenate the plasma
membrane ofmature RBCs by removing its damaged components [33].
Shedding of PS-enrichedmembranes [28,29]might be the cause or the
outcome of this process. Our results showing that inhibition of PS
externalization/shedding by Ca depletion prevented size decrease in
differentiating MEL cells (Fig. 4) favors the ﬁrst possibility. (B) RBC
production is regulated by apoptosis of erythroid precursors, which is
controlled by erythropoietin, serving as an anti-apoptotic agent [34].
We found that depletion of erythropoietin during maturation of
cultured erythroid precursors results in PS externalization (data not
shown), suggesting that this process is involved in the apoptosis of
erythroid precursors as part of normal or pathological (ineffective)
erythropoiesis (e.g., in MDS or thalassemia). (C) During their early
development in the bone marrow, erythroid precursors are found in
erythroblast islands, where they surround a central macrophage [35].
A diverse array of adhesion proteins expressed on the erythroblast
surface mediates its interaction with both stromal cells and the
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precursors may assist in their attachment to macrophages carrying PS
receptors. Outer PS shedding (in addition to PS internalization) may
lessen this adhesion and facilitate their release from the island as they
mature. This possibility awaits experimental proof. (D) During
maturation, erythroid precursors expel their cellular organelles,
including the nucleus, mitochondria and ribosomes, by exocytosis
through membrane-bound vesicles [5,6]. Recent results indicate that
enucleation is caused by the coalescence of vesicles at the nuclear–
cytoplasmic junction [38], whereas mitochondria are eliminated
through selective autophagy [39]. Plasma membrane remodeling by
PS redistribution might also be part of this process. Indeed, Yoshida et
al. have shown that “the nuclei are engulfed bymacrophages only after
they are disconnected from reticulocytes, and that phosphatidylserine,
which is often used as an ‘eat me’ signal for apoptotic cells, is also used
for the engulfment of nuclei expelled from erythroblasts” [38].
PS externalization and shedding may also play a role in the
functioning and fate of mature RBCs in the circulation: (E) An
increased cholesterol content in the RBC plasma membrane was
reported to affect its mechanical properties (ﬂuidity) [40,41]. During
physiological aging, senescent RBCs showed an increased cholesterol/
PL ratio followed by greater membrane strength [42]. We have shown
[10] that RBCs treated with the Ca-ionophore A23187 have greater
osmotic resistance, suggesting that it is related to membrane changes
which include PS shedding and relative accumulation of cholesterol.
(F) PS externalization has been suggested as one of themechanisms of
senescent RBC clearance from the circulation by PS receptor carrying
reticuloendothelial system macrophages [27]. We have previously
shown that whereas PS externalization increases phagocytosis, PS
shedding decreases it [29]. The latter effect may be attributed to a
decrease in the exposed PS, as well as competition by the shed PS for
the macrophage PS receptors. Thus, the balance between PS
externalization and shedding may play a role in controlling the fate/
lifespan of the RBCs in the circulation under both physiological and
pathological conditions, e.g., in thalassemia where RBCs were shown
to have increased PS shedding [16,29]. (G) Finally, it is worth
mentioning that PS is a procoagulant agent [43]; exposed and shed
PS could be involved in normal and pathological homeostasis [3].
In summary, the results of the present report suggest that PS
externalization and shedding are mediated by changes in cellular Ca-
ﬂux, and that they play a variety of important roles in erythroid
precursor cell maturation and RBC senescence.
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